Background and Objective: Intraventricular hemorrhage (IVH) is a verified independent prognostic parameter in patients with intracerebral hemorrhage (ICH). However, the impact of the extent of IVH on clinical outcomes is unestablished. Methods: We analyzed 1,112 consecutive primary ICH patients of the UKER-ICH cohort (NCT03183167) and hypothesized that there is no difference in outcome between patients without IVH and patients with minor IVH not leading to obstructive hydrocephalus. Propensity score matching and multivariable analyses were performed to account for imbalances in baseline characteristics. Primary outcome was defined as functional outcome 3 months after ICH assessed using the modified Rankin Scale (mRS) dichotomized into favorable (mRS = 0-3) and unfavorable outcome (mRS = 4-6). Secondary outcomes included mortality at 3 months and a Graeb score-based threshold analysis for as- Multivariable analysis revealed that a Graeb score > 2 was independently associated with unfavorable outcome ; p = 0.002), and higher mortality (mRS 6: OR 2.57 [1. 40-4.74]; p = 0.002) in IVH patients. Conclusions: Small amounts of intraventricular blood (Graeb score ≤2) not leading to obstructive hydrocephalus are not associated with unfavorable outcome or death after ICH. Thus, IVH per se should not be considered a binary variable in outcome prediction for ICH patients.
Influence of the Extent of Intraventricular

Introduction
Worldwide intracerebral hemorrhage (ICH) accounts for 2 million (10-15%) of all strokes annually and is characterized by high morbidity and mortality [1, 2] . Besides parameters such as age, ICH volume, Glasgow Coma Scale (GCS) or infratentorial origin of hemorrhage, the presence of intraventricular hemorrhage (IVH) represents an established parameter independently impacting clinical outcomes after ICH [3, 4] .
IVH occurs in up to 45% of ICH patients [5] and previous analyses have suggested an influence of the extent of IVH on functional outcome [6, 7] . Yet, these analyses lacked sound statistical methodology and sufficient sample size to specifically investigate the association of the degree of IVH and functional outcome. Common outcome prediction models such as the ICH score [3] incorporate IVH as a binary variable being present or absent. Yet there might be a critical threshold in the extent of IVH only beyond which clinical outcome is affected. In the present study, we explored the impact of the magnitude of IVH on functional outcome and mortality in ICH patients.
In ICH patients, the most detrimental consequence of IVH is acute, obstructive hydrocephalus. The occurrence of hydrocephalus has been shown to be an independent predictor of mortality in ICH patients [7] . We thus hypothesized that there is no difference in outcome between patients without IVH and patients with minor IVH not leading to obstructive hydrocephalus.
Methods
Study Design and Patient Selection
All consecutive patients with spontaneous ICH admitted in the Department of Neurology, University Hospital Erlangen, Germany, were included in our prospective institutional registry (UKER-ICH; NCT03183167) over a 10-year period (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) . Patients with secondary ICH (i.e., hemorrhage due to tumor, trauma, ischemic stroke, arteriovenous malformations, ruptured aneurysm or secondary to thrombolysis) were excluded as described previously [8] . The study was approved by the local Ethics Committee and institutional review board and we obtained informed consent from all participants or their legal representatives.
Data Acquisition
Patient characteristics such as demographics (age, sex), premorbid functional status (modified Rankin Scale [mRS]), prior comorbidities (history of stroke, cardiac comorbidity, cardiovascular risk factors), concomitant anti-thrombotic medication, clinical admission status (GSC, National Institute of Health Stroke Scale [NIHSS]), in-hospital measures (necessity for mechanical ventilation/external ventricular drain [EVD] placement, early care limitation < 24 h after admission, tracheotomy, length of stay, and occurrence of pneumonia, in-hospital mortality) were retrieved from medical charts and electronic patient records as described previously [9] [10] [11] . Laboratory findings were extracted from the institutional laboratory database.
Imaging
Neuroradiological diagnosis of ICH and IVH was made either by computed tomography scanning (Somatom Volume Zoom, Somatom Sensation 64 or Somatom Definition AS+; Siemens Healthineers, Forchheim, Germany) or by magnetic resonance tomography (Magnetom Sonata 1.5T or Magnetom Aera 1.5T, Siemens Healthineers, Erlangen, Germany). Scans were reviewed by 2 independent neuroradiologists blinded to clinical data [8] . Parenchymal ICH volume was calculated using the ABC/2 formula or ABC/3 formula as appropriate [12] , and different imaging modalities were compared using validated conversion models as described previously [13] [14] [15] . We defined hematoma enlargement as a growth of ICH volume on follow-up imaging to > 133% of initial volume. Location of ICH (deep, lobar, infratentorial: brainstem and cerebellar) was delineated as previously described [9] . The Graeb score [16] was used to grade the extent of IVH on initial imaging. The Graeb score is a semiquantitative grading tool (score 0-12) assigning a maximum score of 4 to each lateral ventricle and a maximum score of 2 to the third and fourth ventricle based on the amount of blood present [16] . All patients received medical treatment as per institutional standard protocol for ICH. That included the immediate placement of EVD when an obstructive hydrocephalus was diagnosed on initial or follow-up imaging. The diagnosis of obstructive hydrocephalus was made by the treating physician based on evaluation of bicaudate index (considered present when exceeding the 95th percentile for the respective age group) and mean temporal horn diameter as described previously [17] .
Outcome Parameters
We assessed mortality and functional outcome after 3 months either by mailed questionnaires or semi-structured telephone interview performed by physicians certified for stroke outcome assessments. Functional outcome was evaluated using the mRS and favorable outcome was defined as mRS = 0-3 and unfavorable outcome as mRS = 4-6.
Statistical Analysis
All statistical analyses were performed using the statistical package SPSS 25.0 (SPSS Inc., Chicago, IL, USA) and R 2.12.0 (www.r-project.org). We set the significance level at α = 0.05 and performed 2-sided statistical tests including Kolmogorov-Smirnov test to differentiate normally distributed data (expressed as mean [SD], compared using the Student t test) from non-normally distributed data (presented as median [interquartile range], compared using the Mann-Whitney U test). Categorical variables are expressed as counts (percentage) and comparison of frequency distribution was performed using Pearsons-χ 2 and Fisher's exact tests. To account for potentially confounding differences in baseline characteristics among No-IVH and IVH-w/o-EVD patient cohorts, we performed a one-to-one propensity score matching using a balanced, parallel, nearest-neighbor approach at a caliper of 0.1. We adjusted for relevant differences in baseline parameters that differed significantly among groups (p < 0.05) representInfluence of the Extent of IVH on Outcome in ICH ing validated predictors of outcome (age, premorbid mRS, NI-HSS on admission, initial ICH volume, hematoma location). Multivariate logistic regression analysis was performed to determine the association between the extent of IVH (rated using the Graeb score as described above) and clinical outcome at 3 months. ORs were adjusted for the same established predictive parameters that differed significantly and were found to be associated with functional outcome in univariate analysis (age, premorbid mRS, NIHSS on admission, initial ICH volume, hematoma location).
Results
Study Population and Clinical Characteristics
A total of 1,322 consecutive patients with primary ICH were screened over a period of 10 years (UKER-ICH registry). We excluded 181 patients with early care limitation (up to 24 h after admission) and 29 patients with missing data. Among the 1,112 patients finally analyzed, 651/1,112 (58.5%) showed no IVH, whereas 461/1,112 (41.5%) presented with IVH on initial imaging (Fig. 1 ). Patients with IVH had a lower GCS (12 [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] vs. 14 [12] [13] [14] [15] Table  2a ).
In light of these imbalances in baseline clinical characteristics we performed a one-to-one propensity score matching after which there were 173 evenly balanced patients in each cohort with no relevant discrepancies in baseline characteristics (Table 2b) .
Analysis of Functional Outcome and Survival
Regarding the primary outcome, there was no statistically significant difference in the proportion 
Association of Graeb Score with Functional Outcome and Mortality
To explore the impact of the extent of IVH on functional outcome and mortality, we performed a multivariable analysis (Fig. 3) comparing patients without IVH to IVH-w/o-EVD-patients. A Graeb score > 2 was independently associated with unfavorable outcome in IVH-w/o-EVD patients (mRS 4-6; OR 3.16 [1.54-6 .48]; p = 0.002) and mortality (mRS 6; OR 2.57 [1.40-4.74]; p = 0.002), whereas clinical outcomes of patients with Graeb scores of 1-2 did not significantly differ in ICH patients without IVH (Fig. 3) .
Discussion
We hypothesized that functional outcome in patients with IVH but without hydrocephalus does not significantly differ from the outcome of ICH patients without IVH. In essence, we here demonstrated that (i) there was no significant difference in the rate of favorable functional outcome, while (ii) we found a statistical trend toward increased mortality rates in ICH patients with mild IVH. Specifically, IVH with a Graeb score of 1 or 2 does not appear to impact clinical outcomes in patients not requiring EVD placement, whereas a Graeb score of ≥3 was related to both increased mortality and worse functional outcome.
The majority of clinical trials, and notably also established prediction models, refer to IVH as a binary variable being present or absent [3] . The data presented here support the following conclusion: mild IVH not leading to hydrocephalus does not impact clinical outcome. Therefore presence of IVH should no longer be considered a dichotomized variable. Rather, the extent of IVH should be integrated into outcome prediction models to avoid self-fulfilling prophecies [18] . We suggest that patients with mild IVH should not be stigmatized, potentially withholding crucial therapies or limiting medical care prematurely, as the actual patient outcome may be better than that commonly perceived. The main finding of this study is in line with a report by Mahta et al. [19] that found no significant association between presence of IVH and poor functional outcome in the absence of hydrocephalus. However, our work adds valuable information to this hypothesis due to the significantly larger sample size, sophistication of statistical models, and the graduation by Graeb score. Another study by Hallevi et al. [20] showed that integrating the IVH volume improves outcome pre- Fig. 3 . Influence of the extent of IVH on functional outcome and mortality at 3 months. Multivariate binary logistic regression analysis was performed to determine the association between the extent of IVH (rated using the Graeb score) and clinical outcome at 3 months. ORs are adjusted for established predictive parameters that differed significantly among groups and were found to be associated with functional outcome in univariate analysis (age, premorbid mRS, NIHSS on admission, initial ICH volume, hematoma location). mRS 4-6 was defined as unfavorable outcome. The graph depicts OR for mortality with a dot with whiskers (95% CI) and OR for unfavorable functional outcome with a square with whiskers. A solid symbol marks Graeb scores that are independently associated with outcome.
Cerebrovasc Dis DOI: 10.1159/000501027 diction specificity of established ICH scoring models. Yet, the proposed complex estimation formula seems impractical in clinical routine, while the Graeb score-based analysis of IVH extent (i.e., Graeb score ≥3) established here represents a feasible bedside rating method. Different pathomechanisms for the poor clinical outcome of patients with IVH have been debated. On the one hand, development of hydrocephalus is generally considered the most severe consequence of intraventricular bleeding [2, 21, 22] ; on the other hand, mechanisms beyond the disturbance of cerebrospinal fluid circulation have been postulated to account for unfavorable clinical outcome [23] [24] [25] . Our data considerably add knowledge to this discussion as we here propose that the extent of IVH -specifically in the absence of obstructive hydrocephalus -impacts clinical outcome. This aspect fits well into described pathophysiological considerations, for example, harm of ependymal and subependymal structures and inflammatory intraventricular processes [23] [24] [25] .
Our study has certain strengths such as the large sample size and sound statistical approaches. Nonetheless, some limitations are obvious, notably the retrospective study design and thus quality of data. We decided to use the original Graeb score as measure of IVH extent, leaving room for uncertainty compared to the modified Graeb score [7] . Further, the exact location of IVH (e.g., a trace of blood in both lateral ventricles versus some IVH in the third and fourth ventricles -both amounting to a Graeb score of 2) was not scored. To address the question whether the presence of IVH leads to a reduction in the proportion of ICH patients with favorable outcome, a dichotomized statistical approach was used, which inherently leads to some loss of information and mild effects might be overlooked if sample size is not sufficient. Another limitation is the lack of an imaging study protocol. The type and timing of follow-up imaging were decided by the treating physician accounting for significant differences among the patients in the timeline of imaging performed.
In conclusion, our data reveal that small amounts of intraventricular blood (Graeb score ≤2) not leading to obstructive hydrocephalus are not associated with unfavorable outcome or death after ICH. Thus, IVH per se should not be considered a binary variable in outcome prediction for ICH patients.
